The UV-VIS absorption property and the structural modification of PVA membranes gamma irradiated were investigated by XRD, UV-VIS and Raman spectroscopies. The increase of UV absorbance is observed after irradiation. This behavior is correlated with the scission effect and local ordering of the polymeric chain induced by irradiation. These effects were probed by XRD and Raman spectroscopy.
Introduction
The use of polymeric matrix as support for the medical drugs is one of new trend in the last decades in the pharmaceutical industry. The Poly (vinyl alcohol) (PVA) is one of the most used polymers for this purpose, due to its high hydrophilic properties, water solubility, good film forming by solution casting, compatibility with the biological tissues and high biodegradability [1, 2] . Designed for medical use, such materials can be submitted accidentally, or during the therapy and sterilization process, to different doses of gamma radiation. The radiation can induce degradation of the initial structure by several mechanisms: scission of the chains, molecular fragmentation, ionization of the atoms, cross-linking of the chains, crystallization or local order arrangement, apparition of free radicals. * E-mail: mihai.todica@phys.ubbcluj.ro Cross-linking represents the formation of intermolecular bonds between adjacent chains and involves the cleavage of C-H bond in one polymeric chain to form hydrogen atom, followed by the subtraction of second hydrogen atom from the neighboring chain to form molecular hydrogen. The two polymeric radicals recombine to form cross-link. The molecular weight of polymer increases. Chain scission represents the rupture of C-C bond, with reducing of the molecular weight. Both these processes are accompanied by polymer oxidation. Such processes lead to changes in density, molecular weight, solubility, optical and electric properties. The magnitude and nature of changes depend on the composition and structure of the polymeric matrix and the dose of ionizing radiation. Obtained from the aqueous gels, the PVA membranes may have different absorbance in UV-VIS domain and different local morphology, in function of the polymeric concentration of the initial gel. Our interest was the observation of the modification of these properties in function of the polymeric concentration and the dose of radiation.
Materials and methods
PVA was chosen because its solubility in water and capacity to form gels, its linearity and its homogeneity in functional groups. For ours studies we used PVA membrane with different polymeric concentrations 15%, 20% and 30%, obtained from aqueous PVA gels. The gels were obtained by mixing the polymer with distilled water, at constant temperature 55°C, during 3 hours, until a homogeneous dispersion of polymer is obtained. Then the gel was displayed on a glass plate and kept 24 hours in dark, at room temperature, until the water evaporates. These samples were analyzed in their original state and after gamma exposure. The gamma exposure was realized using 60 Co source 5,6 Gy/h, different time intervals corresponding to 739 Gy, 1478 Gy and 2200 Gy [3] . For all the samples the UV VIS investigation was done with Jasco V-670 system with scan speed 200 nm/min, UV VIS bandwidth 2 nm, and NIR bandwidth 8 nm. The Raman investigations were performed with R 3000 CN systems, with excitation power 150 mW at wavelength λ = 785 nm. The X-ray diffraction (XRD) was performed with a Brucker X-ray diffractometer with Cr Kα (λ = 0,228 nm) at 45 kV and 40 mA [4, 5] . The 2θ range of 20-120°was recorded.
Results and discussions
Due to its affinity towards water, PVA can form aqueous gels with different polymeric concentration. Obtained by drying process of these gels, the PVA membranes can have different local structures, and can contain different amount of residual water. One of the consequences of this fact is the dependence of the absorption coefficient of the light in function of the polymer-water concentration of the initial gel. As we can see from figure 1 , the absorption spectrum of unirradiated PVA membranes shows nearly zero absorption in the wavelength range 600-400 nm, followed by a continuous increase of the absorption in the domain 350-250 nm, with a maximum at 285 nm. Despite the fact that the PVA contain only single bonds, and therefore it would be expected to absorb radiation only in the far UV region (120-200 nm), the presence of the peak at 285 nm must be explained taking into account the morphology of local structure and the residual water content determined by the method of preparation of PVA polymer. PVA is a special polymer that cannot be prepared by polymerization of the corresponding monomer. It is obtained by hydrolysis or partial hydrolysis of polyvinyl acetate [6] . Thus the absorption band at 285 nm may be assigned to π → π * transition of the carbonyl groups (C=O) associated with ethylene unsaturation (C=C) of the type -(CH=CH) 2 CO -. The existence of carbonyl functionalities is probably due to residual acetate groups remaining after hydrolysis of polyvinyl acetate or oxidation during manufacturing [7] [8] [9] . This absorption peak increases with the content of water of the initial gel. Knowing the important absorbance of water in the UV domain, we can explain this behavior by the existence of some amount of residual water in the membranes. The samples with low polymeric concentration contain much more residual water and absorb much more the UV radiation than the samples with high polymeric concentration. Despite the fact that the absorption band is large we can also identify a shoulder at 320 nm. As reported by other authors this band is assigned to → π * electronic transition of carbonyl group [10] . For other authors the shoulder form of this band is due to the presence of isolated carbonyl groups [11] . The shape of the absorption peak and of the shoulder don't changes with the polymeric concentration, that means no changes of the mechanisms responsible for the absorption in this domain. In the next stage of our work we observed the absorption properties of the membranes after γ exposure at different doses. The initial membrane, before irradiation is transparent and colorless, showing an absorption peak at 285 nm. The membranes become yellowish-brown gradually after γ-irradiation and the amplitude of this peak increases with the dose of radiation ( Fig. 2) . No supplementary absorption peaks were observed after irradiation. This behavior was observed for all the membranes whatever the polymeric concentration.
The colors change after irradiation shows that some chromofores are formed. As suggested by Bhat et all this can occur due to the scission of hydrogen and hydroxyl groups and the formation of carbonyl double bond (C=O) [12] .
The γ photons may interact with the hydrogen atom of OH bending group breaking its bond with the oxygen atom and delivering the H + ion from this bond. The remaining oxygen of this bond has the tendency to form double bond with its neighboring carbon. This process is possible only if the carbon break its covalent bond with the next monomers. The effect is the scission of the chain. Other possibility is the interaction of γ photon with the bond between the carbon and OH group followed by the breaking of this bond and delivery of OH − group. The remaining carbon has the tendency to form a double bond with its neighboring carbon. Such process is possible only if this neighboring carbon breaks its bond with the previous monomer. The result is the scission of the chain. The delivery of H + and OH − groups from the PVA monomer leads to the breaking of the backbone chain and the apparition of double bonds C=C and C=O in the repeat unit [12] . The free ion H + and OH − group combine together to form a water molecule, that may be trapped in the holes of the polymeric structure. Such process is equivalent with the increase of the amount of water in the sample. This mechanism is presented suggestively in the figure 3. As was shown before, the increases of the residual amount of water leads to the increase of the absorption coefficient in the domain 250-350 nm that explains the increase of the amplitude of the absorption peak after γ irradiation. The shoulder at 320 nm appears in the spectra of irradiated samples and it is more evident at high doses of radiation. The shapes of this shoulder corresponding to doses 739 Gy (curve B of Fig. 2 ) and 1478 Gy (curve C of Fig. 2 ) are similar, but the amplitudes are different. Apparently a modification of its shape at 2200 Gy is observed, (curve D of Fig. 2 ). However the deconvolution of the spectra corresponding to curves B and D in figure 2 don't reveals supplementary absorption peak, except a modification of the amplitude of the components. Both deconvolutions show only two components centered at 285 nm and 330 nm, (Fig. 4) . Taking into account the explanation given by Shehap and Zidan, we can associate the increase of the amplitude of this shoulder to the increase of probability of to → π * electronic transition of carbonyl group or the increase of the fraction of isolated carbonyl groups [10, 11] . Both these explanation are in accord with the supposition of breaking chains after gamma irradiation. A direct consequence of the breaking of hydrogen bonds and chain scission by γ radiation is the modification of local order of the chains with respect the modification of the crystalinity of the sample. Such possible changes may be investigated by XRD method, comparing the difractogrames of unirradiated and γ-irradiated membranes. The irradiation was carried out with a 60 Co source. Usually the polymeric membranes obtained from aqueous gels are characterized by amorphous structure, especially at low polymeric concentration. However, at high concentration of polymer in the initial aqueous gel, domains of local organization of the chains can occur, associated with the crystalline phase [13] . Such structures can be observed by X-rays diffraction. To verify these suppositions we recorded the difractogrames from the PVA membranes with different polymeric concentrations, before irradiations. The unirradiated samples with 15% polymeric concentration exhibit a typical peak at 2θ=29°. This peak appears for all the concentrations and its amplitude remains almost constant, (in the limits of the noisy of the difractogrames), (Fig. 5) . As reported in literature this A the initial absorbtion spectrum; B the peak assigned to π → π * transition; C the peak assigned to → π * transition and to the isolated carbonyl group peak is assigned to diffraction from the planes (101) [9, 12] . In ours experiments the amplitude of this peak increases after irradiation (Fig. 5) . This fact indicates that some changes on the local order of polymeric chains and possible crystallization appear after irradiation. The crystalinity character of the PVA is determined by hydrogen bonds appearing between the hydrogen atoms and OH bending groups of the same chain or parallel chains [14] . The unit cell of such crystalline structure is monoclinic with the parameter = 7 81Å, = 2 5Å, = 5 51Å and β=91.42°, and comprises two monomer units of vinyl alcohol (CH 2 CHOH) [15] . The influence of hydrogen bonds on the conformation and the apparition of local order of the chain, was also demonstrated for other alcohols, i.e. methanol and protic alcohol [16, 17] . The hydrogen bonds provide some rigidity of the chains allowing low proba- bility of reorganization. The sample is characterized by a given crystallinity. Under γ irradiation some hydrogen bonds break and the mobility of chains increases [12] . Compared with the situation before irradiation, the probability of local reorganization of the chains and apparition of crystalline structure is greater after breaking of some hydrogen bonds by γ radiation. In some cases, the modification of local order of the polymeric chains, or the apparition of new domains of crystalinity, can induce changes in the neighboring vicinity of a given monomer, having as consequence the modification of some vibration frequencies of chemical bonds affected by this vicinity. These structural modifications can be determined by the variation of concentration of the polymeric gel, or by irradiation. Every modification of the vibration of chemical bonds can be easy observed by Raman spectroscopy [18, 19] . We utilized this technique to analyze ours samples before and after irradiation. Before irradiation, the Raman spectra recorded for all the concentrations are very similar (Fig. 6) . The vibration bands appear with the same amplitude and at the same wavenumber for all the concentration. The most intense bands and theirs assignment are as follows: 1288 cm −1 -δ (CH+OH) bending; 1355 cm −1 -CH 2 wagging and OH bending; 1412 cm −1 -CH and OH bending; 1600 cm −1 -C=C stretching [20, 21] . The degree of disorder may cause small shifts of the Raman bands between samples with different concentrations; however we didn't observed such shifts. As explanation, we may consider that for ours concentrations the degree of packaging of the chains in the crystalline domains is too low in order to affect the vibration modes of the monomer. The situation is little different after irradiation. The vibration bands appear at the same wavenumber as for the unirradiated samples, but the amplitude of the most intense bands increases with the dose of radiation (Fig. 7) . The increase of the intensity of vibration bands is determined by the increase of the number of chemical bonds involved in such vibration. Much more chemical bonds can vibrate when the molecules are free to move. As suggested previously, a possible effect of γ irradiation is the scission of the chains and breaking of hydrogen bonds having as consequence the increase of local dynamics of the polymeric chain. The fraction of short chains and of the free bending groups increases. However such structures exit before irradiation, only their ratio into the total mass of the sample could change. Even the breakings of hydrogen bond don't create any new structures different from those existing previously in the sample. In this case none new vibration states appear after irradiation, and none news vibration bands are expected to appear in the Raman spectrum. As bending groups, the vibration of OH and CH groups are the most affected by the packaging in long chains. The scission of the chains and the breakings of hydrogen bonds leads to the delivery of the bending groups from the constriction of packaging. We explain thus the increase of the intensity of the bands associated to these vibrations.
Conclusions
The effects of the γ radiation on the structure and absorbance in UV domain were observed by XRD, UV-VIS and Raman spectroscopies. For unirradiated samples the absorbance in the UV domain decreases with the increase of the polymeric concentration of the initial gel. This effect is determined by the residual amount of water contained in the membranes. For a given polymeric concentration, the UV absorbance increases monotonically with the increase of the dose of gamma radiation. This effect is explained by the delivery of the H + and OH − ions from the monomer and formation of water molecules. This mechanism is accompanied by the scission of the chains. The X-ray difractogrames of unirradiated samples show a weak degree of local organization of the chains. The characteristic XRD peak of PVA increases after γ irradiation. We associated this behavior with the increase of fraction of local order of samples. Raman spectra are very similar for all the concentration before irradiation. The amplitude of the most intense bands in the domain 1200-1600 cm −1 increases monotonically with the dose of γ radiation. This behavior is determined by the scission of the chains and the increase of the fraction of ordered domains in the samples.
